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(57) ABSTRACT

An acoustic device has a suspended sheet of a thin flexible
material having a rigid rod secured along one edge. An audio
frequency actuator, which 1s preferably a magnetostrictive
actuator, 1s acoustically coupled to an end face of the rod.
The audiofrequency actuator 1s supplied with an audio signal
from an audio source such as player device selected from the
group which includes a recording tape player, a CD playver,
a DVD player, and a solid state memory device.

30 Claims, 3 Drawing Sheets
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1
ACOUSTIC DEVICE

FIELD OF THE INVENTION

This invention relates to an acoustic device, and 1n
particular to a thin panel type of loudspeaker.

BACKGROUND TO THE INVENTION

Flat panel loudspeakers are well-known, and typically
consist of a rigid panel of laminated plastics, card or wood
with an acoustic transducer attached to one face of the panel.
Typical transducers are moving coil electromagnetic devices
or piezoelectric devices. On a smaller scale, 1t has been
proposed to attach a transducer to a greetings card to permit
the card to deliver an audible message, or music, 1n addition
to the written or printed matter on the card. Devices of this
type are disclosed in WO 97/09842, for example.

It has now been found that a flexible sheet material, such
as may be used to a make a window blind or the like, may
be caused to act as an eflective sound radiator.

SUMMARY OF THE INVENTION

According to the invention, there 1s provided an acoustic
device comprising a sheet of a thin flexible material having
a rigid elongate member secured thereto, an audio frequency
actuator acoustically coupled to the elongate member, and
means for supplying the audiofrequency actuator with an
audio signal.

The sheet may be suspended from one edge thereot, for
example 1n the manner of a blind.

It will be understood that, while the sheet might conve-
niently have a generally rectangular shape, for example
when used as a blind, the invention 1s not limited to the use
ol sheets having any particular shape.

The clongate member may be secured to the sheet by
means ol adhesive, preferably an inelastic adhesive or the
sheet may be secured by any rigid clamping means either
against the body of the elongate member or 1n a groove 1n
the member. Conveniently, the elongate member 1s attached
to the sheet along an edge thereot, suitably the lower edge
when the sheet 1s suspended at one end thereof. For example,
the sheet may be formed into a roll at one edge thereof, and
the elongate member 1s then secured within the roll.

The clongate member may be a rod or tube, formed of
metal, plastics or a composite material, for example carbon
fibre-reinforced plastics material. It will be appreciated that
any rigid or inelastic material may be used.

The actuator 1s preferably a giant magnetostrictive mate-
rial (GMM) actuator, for example of the type described and
claimed 1n our co-pending International Patent Application
PCT/GB01/01184, or as described and claimed 1in our co-
pending application GB0115481.4. Preferably, the actuator
1s bonded to one end of the elongate member, for example
by adhesive or by a screw-threaded connection. Where the
clongate member 1s a tube, the actuator may be bonded to a
short rod which 1s 1n turn secured within the tube, for
example by a non-flexible adhesive.

The elongate member 1s preferably secured to the lower-
most edge of the sheet, the sheet being suspended at its upper
edge, but 1t 1s also possible for the elongate member to be at
the upper edge of the sheet, or at a position intermediate the
ends or sides, particularly where the sheet 1s not rectilinear
in form.

The sheet does not have to be held flat. Indeed, 1n an
especially preferred embodiment of the mnvention, the sheet
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1s suspended 1n such a manner as to form an end portion of
the sheet into a curve. It has been found that this configu-
ration gives an improved bass response. The elongate mem-
ber need not be straight; 1t can be curved, for example to
form a parabola or other curve, or multiple curves, for
example 1n an ‘s’ shape, so that the sound or improved sound
1s heard on both sides of the sheet, and this may permit the
sound emitted by the sheet to be directed so as to give
improved volume and bass response at a particular location.
It may be desirable to curve the elongate member 1n more
than one plane, or over only a part of the length thereof.

The elongate member may comprise a body containing,
the audio frequency actuator and the means for supplying
the actuator with an audio signal. The body could also
contain a power source for operation of the device, for
example one or more dry cells.

It may be desirable for the edge of the sheet by which it
1s suspended not to be parallel to elongate member particu-
larly where the elongate member 1s attached to the lower-
most edge of the sheet.

The means for supplying the audio signal may comprise
a player device for reproducing a recorded audioirequency
signal. For example, the player device may be a recording
tape player, a CD player, a DVD player, or a solid state
memory device.

Alternatively, the means for supplying the audio signal
may comprise a radio receiver or a network receiver, for
example a device providing a connection to the Internet. The
radio receiver may be a broadcast radio receiver, or a
receiver for a locally-radiated radio signal, for example
providing a wireless connection from a local signal source.

The thin flexible matenal of the sheet may be an extruded
or otherwise formed plastics sheet material, a woven or
non-woven textile material, paper or card, or even metal foil.
The material will ideally be such that, when rolled, the
material will stand up on the rolled end and be seli-
supporting, but it could be a combination of a floppy or
non-self-supporting material and support strips attached
thereto or incorporated therein.

The acoustic device of the invention will be useful for a
wide range of applications, from display stands that serve
also to radiate sound for audio-visual information or enter-
tainment purposes to blinds that serve as loudspeakers. In
one application, a blind 1s provided which, when pulled
down, can be caused to play soothing music for a baby, for
example.

Another application for the acoustic device of the inven-
tion 1s 1n the reduction of noise. By combining with the
device a microphone and noise cancellation controller which
generates an antiphase signal corresponding to the noise
received by the microphone, the device can be employed to
reduce percerved noise 1 a room or just 1n a part of a room.
The noise reduction may be configured to have a broad-
spectrum eflect or to reduce the amplitude of selected
frequency bands, for example frequencies associated with
speech. By configuring the device as a roller blind, for
example, 1t can be arranged to activate when the blind 1s
lowered, reducing noise on a selected side of the blind. In
this way, for example, a temporary quiet zone could be
provided 1n an open-plan oflice or the like, without the need
for providing relatively high-mass walls around the zone,
but just by lowering blinds. Another use for such blinds
would be 1n hospital wards, to provide quieter conditions for
a patient without the need for a separate room.

The blind may be provided with two separate layers
spaced apart from one another, one carrying a microphone to
recelve the ambient noise to be reduced, while the other has
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the GMM actuator supplied with the antiphase signal to
reduce the amplitude of the ambient sound 1n the region of
the blind. It will be appreciated that a similar effect can be
achieved by a combination of a rnigid screen having a
microphone associated therewith and a blind 1n accordance 5
with this aspect of the invention to radiate the cancellation
signal. The microphone could be a GMM actuator coupled

to the second layer.

Another embodiment of the mnvention comprises a “tlag”
formed of a small sheet of a flexible material having 10
suilicient stiflness to retain a curve therein. The flag has a
rod attached to 1t, for example along a vertical edge, or
centrally of the width of the flag, the rod being bonded to an
actuator, for example a magnetostrictive actuator. The flag
can be used to provide local sound output, for example 15
providing an individual choice of music at a restaurant table,
or information and announcements at a conference or exhi-
bition.

The flag 1s preferably formed of thin card, stiffened fabric,
metal foil or plastics sheet material, but floppy materials 20
incorporating stiflening supports may be employed. A
slightly concave arrangement 1s preferable, the concave face
being directed towards the user, 1n use, to enhance the sound
heard by the user. Alternatively, a shape such as an ‘s’ shape
of multiple curves may be employed. 25

The device may have more than one rod, for example at
cach side of the tlag. Alternatively, the rod may be located
centrally of the flag, for example diagonally across the flag,
cllectively forming two flags on a single support.

The rod may be dimensioned to incorporate therein the 30
actuator, and audio signal generator and batteries to power
the device.

The flag could be used to carry advertising material, or
perhaps a picture of a musician whose music 1s played
through the device. The flag could be attached to an integral 35
rigid bar which could be mechanically connected to the rod,
for example by shiding it into a groove, thereby facilitating
replacement of the flag. The flag could be formed as a
pullout roll 1 the rod.

40
BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, which are diagrammatic illustrations of
exemplary embodiments of the invention:

FIG. 1 1s a perspective view of the lower end of a blind 45
in accordance with the invention;

FIG. 2 1s a perspective view of a blind according to an
alternative embodiment;

FIG. 3 1s a perspective view of a blind according to a
further embodiment of the invention; 50
FIG. 4 1s a perspective view of yet another embodiment

of the invention; and
FIG. 5 1s a perspective view of an audio device according,
to another embodiment of the mvention.

55
DETAILED DESCRIPTION OF TH.

ILLUSTRATED EMBODIMENTS

L1

Referring first to FIG. 1, the audio device comprises a
blind 1 formed of a stifl flexible material suspended from the 60
upper end thereof and formed 1nto a loop 2 at the lower end
3 thereof. A steel rod 4 1s secured 1n the sleeve thus formed
by means of a hard-bonded inelastic adhesive, for example
a rapid-bonding glue or ‘superglue’. A giant magnetostric-
tive material (GMM) actuator 3, for example of the type 65
disclosed and claimed in our co-pending International patent
Application PCT/GB01/01184, 1s secured via 1ts acoustic

4

coupling “foot” to one end of the rod 4, and 1s electrically
connected to a suitable audio signal source 7 through an
clectrical lead 6. When an audio signal i1s applied to the
actuator 5, the audio signal 1s coupled to the blind 1 and 1s
radiated outwardly thereby, eflectively causing the blind to
become a loudspeaker. In one embodiment, a microphone 10
1s linked to a noise cancellation controller 11 which gener-
ates an antiphase signal corresponding to the noise received
by the microphone 10. This signal can be passed, via the
audio signal source 7, to the actuator 3 so that the device can
be employed to reduce perceived noise 1n a room, or just in
a part of a room.

FIG. 2 shows an alternative embodiment, 1n which the
rod, the actuator, a battery, a radio receiver and an amplifier
are all incorporated 1nto a plastics body 20 which 1s secured
by adhesive 1n a loop 21, formed by sewing or welding an
end portion of the blind 22 back on to 1tself. The blind 22 1s
suspended at the opposite end 23 thereol, for example from
a ceiling or window opeming, and also has cords 24 by which
the free end of the blind containing the body 20 1s suspended
to form the blind mnto a curve adjacent to the lower end
thereof. It has been found that this configuration signifi-
cantly improves the bass response of the blind when oper-
ating as a loudspeaker.

The radio receiver within the body may be arranged to
receive broadcast radio, but 1t may be preferred to use the
type of recerver employed 1n local computer networking or
the like, for example that operating under the protocol
known as “Bluetooth”, relaying, for example, music or
speech from a local source such as a connection to the
Internet.

In another embodiment, the body 20 incorporates a micro-
phone and noise cancellation circuitry to generate an audio
signal of opposite phase to that detected by the microphone
within a selected frequency band, the blind then being
caused to radiate the opposite signal, thereby cancelling at
least some of the ambient noise.

FIG. 3 illustrates a device in which the rod or tube 30
attached to the lower end of the blind 31 1s formed into a
curve, thereby forming the blind mto a curve 1n horizontal
section. For example, the curve may be parabolic, so as to
tend to focus sound emitted by the blind to a position 1n front
of the blind. The upper end 32 of the blind may simply be
directly suspended from, for example, cords attached to a
suitable horizontal surface such as a ceiling, or it may have
a stiffeming rod attached thereto, curved 1nto a similar shape
to that of the rod or tube 30.

FIG. 4 1llustrates another possible configuration, in which
the blind 41 1s provided with a curved rod 40 attached to the
lower end thereof and carrying the magnetostrictive actua-
tor, and 1s also curved 1n a vertical plane, so that the blind
fabric carries a double curve, tending, for example to focus
sound to a location at a predetermined distance in front of
the device and at a predetermined height above the ground.

The device shown 1n FIG. 5 comprises a “tlag” 50 formed
of a stifl flexible material such as thin card, stiflened fabric
or a plastics sheet material. The flag 50 has suilicient
stiflness to be able to hold a slight curve therein. A rigid rod
51, for example of plastics or metal, 1s attached to the flag
by means of an inelastic adhesive material. As shown 1n the
Figure, the rod 51 1s attached to a side edge of the flag, but
it will be understood that other locations for the rod are also
acceptable, for example centrally of the width of the flag.
The rod 51 1s 1 turn attached to the active part 52 of a
magnetostrictive actuator 33, which 1s 1n turn connected
through an electrical lead 54 to an audio signal source (not
shown). When an audio signal 1s supplied to the actuator 53,
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the flag radiates audible sound from the concave face
thereof. If the concave face 1s directed towards a user, the
user can then hear the sound.

The 1nvention claimed 1s:

1. An acoustic device, comprising a sheet of a thin flexible
material having a rigid elongate member secured thereto, an
audio frequency actuator acoustically coupled to one end
face of the elongate member, and means for supplying the
audiofrequency actuator with an audio signal.

2. An acoustic device according to claim 1, wherein the
clongate member 1s secured to the sheet by means of
adhesive.

3. An acoustic device according to claim 2, wherein the
adhesive 1s an inelastic adhesive.

4. An acoustic device according to claim 1, wherein the
clongate member 1s a metal rod.

5. An acoustic device according to claim 1, wherein the
clongate member 1s formed of a rigid polymeric material or
a composite material.

6. An acoustic device according to claim 1, wherein the
audio frequency actuator 1s a giant magnetostrictive material
(GMM) actuator.

7. An acoustic device according to claim 1, wherein the
actuator 1s bonded to the end of the elongate member.

8. An acoustic device according to claim 1, wherein
means are provided for suspending the sheet from at least
one edge thereof.

9. An acoustic device according to claim 8, wherein the
sheet 1s suspended at two opposed ends thereof.

10. An acoustic device according to claim 9, wherein the
lowermost end of the sheet 1s suspended in such a manner as
to form an end portion of the sheet into a curve.

11. An acoustic device according to claim 1, wherein the
clongate member 1s secured along an edge of the sheet.

12. An acoustic device according to claim 11, wherein the
clongate member 1s secured to the lowermost edge of the
sheet.

13. An acoustic device according to claim 11, wherein the
sheet 1s formed into a roll at one edge thereof, and the
clongate member 1s secured within the roll.

14. An acoustic device according to claim 1, wherein the
sheet 1s supported by the rigid elongate member.

15. An acoustic device according to claim 14, wherein the
sheet 1s sulliciently stifl to hold a curve therein.

16. An acoustic device according to claim 14, wherein the
sheet 1s provided with at least one stiffening support.
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17. An acoustic device according to claim 1, wherein the
clongate member contains the audio frequency actuator and
the means for supplying the actuator with an audio signal.

18. An acoustic device according to claim 17, wherein the
player device 1s selected from the group consisting of a
recording tape player, a CD player, a DVD player, and a
solid state memory device.

19. An acoustic device according to claim 18, wherein the
radio receiver 1s a broadcast radio receiver.

20. An acoustic device according to claim 18, wherein the
radio recerver 1s a recerver for a locally-radiated radio signal,
for example providing a wireless connection from a local
signal source.

21. An acoustic device according to claim 1, wherein the

means for supplying the audio signal comprises a player
device for reproducing a recorded audioirequency signal.

22. An acoustic device according to claim 1, wherein the
means for supplying the audio signal comprises a radio
receiver or a network receiver.

23. An acoustic device according to claim 1, wherein the
thin flexible material 1s an extruded plastics sheet material or
metal foil.

24. An acoustic device according to claim 1, wherein the
thin flexible material 1s a woven or non-woven textile
material.

25. An acoustic device according to claim 1, wherein the
thin flexible material 1s paper or card.

26. An acoustic device according to claim 1, further
comprising a microphone directed to one side of the sheet
and connected to a noise cancellation circuit for supplying
the audiofrequency signal to the actuator, thereby causing
the sheet to radiate an opposite signal to at least selected
frequencies received by the microphone.

277. An acoustic device according to claim 26, wherein the
microphone 1s attached to a surface spaced from the sheet,
the surface receiving the sound to be cancelled.

28. An acoustic device according to claim 27, wherein the
surface comprises a second flexible blind.

29. An acoustic device according to claim 27, wherein the
surface 1s a rigid sheet adjacent to the blind.

30. An acoustic device according to claim 29, wherein the
rigid sheet 1s glass.
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